Abstract-Small scale rooftop solar PV systems are becoming more convenient forms of energy providers for the houses located in the rural villages. This is due to the advantages, abundant availability of solar energy, and favorable rural electrification polices in India. But still India has not achieved the 100% rural electrification and the reason for it might be technical, social, or financial. Hence, this paper presents the possibilities of equipping solar PV systems for rural community house by providing the PV plant design as per the electrical load, roof area required, energy performance, and cost aspects. Benefits of using solar energy that transforms the rural life into light were also highlighted.
I. INTRODUCTION
Rooftop solar photovoltaic systems are popularly used in various sizes ranging from small scale to commercial scale [1] . This popularity is achieved due to its advantages in harnessing freely available energy from the sun, ease of installation process, and maintenance [2] . Another major advantage is the subsidies and incentives given by the government with a motto of achieving clean environment in near future [3] [4] [5] .
In recent years, the use of rooftop solar became promising solution for lighting the darker streets and homes of rural communities [2] [3] [4] [5] [6] . But however, it is not well adopted. Reasons would be many more covering wider aspects of technology availability, financially affordability, understanding the performance, and its maintenance etc. However, when compared to other popular energy source i.e. biomass, the solar energy systems have more benefits in all the aspects expect in the financial matters [7] . Hence, this paper tries to highlight the design, performance, cost involved in developing rooftop solar projects for rural homes based on typical load consumption parameters.
This paper is organized in 6 sections as follows:
Section-I, gives the brief introduction about importance and advantages of solar energy. In section-II, various rural electrification policies and schemes in India. Section-III, gives the brief statistics related to the rural electrification status in India. In section-IV, the mathematical sizing, roof area required, energy generations, and economics aspects of small scale rooftop solar PV systems are discussed analytically. Section-V proposes the various benefits and possible options in equipping solar PV systems. Finally, the paper is concluded in section-VI highlighting few conclusions which would favor the rural electrification progress in India.
II. RURAL ELECTRIFICATION POLICIES AND SCHEMES IN INDIA
Govt. of India introduced few policies and schemes for the welfare of people living in rural parts of India. The main motto of these policies and schemes is to provide electricity access to the remote areas in India.
Policies introduced by Govt. of India are as follows [8, 9] :
• National Electricity Policy 2005
• National Rural Electrification Policy, 2006
Various schemes introduced for promoting rural electrification process are given below [8, 9] :
• Accelerated Rural Electrification Program (AREP)
• BPL Household electrification
• Decentralized Distributed Generation (DDG)
• Kutir Jyoti Program (KJP)
• Minimum Needs Program (MNP)
• Pradhan Mantri Gramodaya Yojna (PMGY)
• Remote Village Electrification Programme
• Rural Electricity Supply Technology Mission (REST)
• Rajiv Gandhi Grameen Vidyutikaran Yojna (RGGVY)
• Village Energy Security Programme (VESP)
III. RURAL ELECTRIFICATION STATUS IN INDIA
Rural electrification in India is still on its way in achieving 100% status. Among all the states in India, only few states claim to have 100 % electrification and in remaining states most of them fall under 80 % electrification status. The electrification status of few states seems to be within 35 % to 60 % [10] . A survey data (from April 2015 onwards) by Grameen Vidyut Abhiyanta (GVA) (shown in Fig. 1 ), reveals that, a total of 18,452 villages needs to be electrified in India, among them 15,022 were electrified as of now. The unelectrified villages leftover until today are 3430 but among these 1035 are uninhabited. Hence, the Govt. of India under various rural electrification schemes initiated the plans to electrify 2395 villages out of which in 2293 villages the work is already in progress, 30 villages are under energization conditions, and in the remaining 72 villages the work must be started [10, 11] . The present condition of un-electrified villages seems to be in miserable conditions especially in the night times. A typical situation is shown in Fig. 2 . IV. PROPOSED SMALL SCALE ROOFTOP SOLAR PV SYSTEM Small scale rooftop solar PV system shown in Fig. 3 were identified as the best method for electrifying the rural housing areas in India. This could serve the basic power consumption needs in the rural house. Basic daily required electrical load for a typical rural house is shown in the Table I . Most of power consumed in the rural house is for lighting, water pumping, domestic, and other entertainment equipment's. From a typical power consumption data, it was observed that daily, 892 W of load is connected. If the same load is made to be operate in different intervals of time as per the need, then the energy consumed would be around 1413 Wh/day. Based on this energy consumption details, small scale solar PV systems can be proposed. In this paper, mathematical sizing, performance, cost estimation of the proposed small-scale rooftop solar PV system is presented for Indian scenario. 
A. Mathematical Sizing of PV System and its Components
From Table I , it is identified that, the peak load required for day would be around 1413 Wh. Based on this data, mathematical sizing of the PV plant is defined and capacity to be proposed is estimated. Firstly, let us understand the energy flow pattern from producer to consumer or consumer to producer. However, the design should satisfy the load requirements, hence the process flow or the design methodology is considered from consumer [2, 6, 12] .
Load Inverter Battery Charge Controller PV Array
Inverter power rating is estimated as per the power rating of the household equipment. During the inverter selection, make sure that, power capacity of inverter should be always higher than the total power rating of the house. Hence, here, 1000 W inverter with a system voltage of 12 V, having an efficiency of 
Battery sizing is done based on few considerations like depth of discharge (DOD=0.6), 'Ah' rating of the batteries available in the market (150Ah/12V), battery backup expressed in days of autonomy (1 day), efficiency (85%), and system voltage (12V).
Eq. (2) is used to estimate the required charge capacity of the battery that helps in delivering the input to the inverter. From Eq. (2), the required charge capacity is estimated as 110.685 Ah, considering the extra one-day battery autonomy this capacity is 221.37 Ah. 
Energy supplied to the battery should be higher than the energy delivered by the battery this is because of efficiency factor. This energy is estimated using Eq. (4). Using Eq. (6), the required current from PV array to charge the batteries is estimated as 23.55 A. The number of module required can be achieved by the dividing the obtained current value to the maximum current delivered by one module. Market available 100 Wp MS6Z12 PV module is chosen, this module can deliver a maximum of 5.5 A, hence ~5 of such modules are required for this load. However, by considering some emergency of increasing loads or fast battery charging conditions, this installation capacity is slightly increased without effecting the battery storage capacity. Hence, 8 of such modules were considered for installation. The technical specification of the proposed small-scale rooftop PV plant is shown in Table II . 
B. Roof Area Required
Roof area required for specific kWp PV installation is estimated based on the PV array area. This can be simply estimated by finding and multiplying the lengths and breadth of the PV array. But for general identification, few standardized bodies like Solar Mango, and Ministry of New and Renewable Energy, Govt. of India claim that 10 Sq. m roof area is sufficient for every 1 kWp of DC PV array [14, 15] . There are few software tools developed by National Renewable Energy Laboratories (PV Watts, SAM), and Valentine Softwares Ltd (PV-Online) etc. where they give the discussions and quantification related to area and kWp PV [16] . N. M. Kumar et al. (2017), suggested a correlation derived from PV-Online tool for PV array area to kWp in a graphical manner [17] . In this study also, from the correlation proposed by N. M. Kumar et al. (2017), 6.96 Sq. m area identifying the required roof area for installing 800 Wp solar PV plant. However, the area required for this capacity would be within 8 Sq. m.
C. Energy Generation from Rooftop Solar PV System
Energy generations from the rooftop solar PV system are evaluated using Eq. (7). Annual energy generation is the product of PV array area, panel efficiency (
system performance ratio (PR), and average irradiance on the PV array (G) [1, 13, 17] .
Taking into consideration of various parameters mentioned in Table II and area as 6.96 Sq. m, the evaluated energy generation on annual basis are 1487 kWh. During the energy evaluations, the considered various loss parameters are as follows: losses in inverter-8 %, losses due to temperature-8 %, DC cable losses-2 %, AC cable losses-2 %, shading losses-3 %, losses due to weak irradiance-3 %, losses due to dust accumulation-2 %. This proposed rooftop solar PV system for rural areas in India could generate a monthly average energy of 123.91 kWh, which will be around 4.13 kWh or 410.55 Wh on daily basis. The generated energies are quite higher than required energies for the rural household. This excess energy could even allow them to light up the street lights in front of
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their houses. This could also be used for storing energies in the batteries. There is a possibility for variation in energy generations potentials due to roof pitch angles (rise and run of the roof), while estimating energy generation, and please consider this factor [18] .
D. Cost Estimation of Rooftop PV ystem
Cost involved in setting up the proposed rooftop solar PV plant is seen in Table III . Cost of each and every component used in the system is clearly stated along with the subsidy given by the Govt. of India for developing such projects in rural areas [14] . The cost of the proposed system excluding the subsidy is around Rs. 105750.00 and including 40 % subsidy is around Rs. 63450.00. 
V. POTENTIAL BENEFITS AND POSSIBILITIES OF EQUIPING ROOFTOP SOLAR PV SYSTEMS FOR RURAL COMMUNITIES
With the proposed system there are many benefits for the rural communities. These benefits were listed down:
• Illuminating the dark life of the rural people.
• Environmental benefits such as reduction in pollutions, cleanliness in power generation facility.
• No need to use their agriculture or other waste residues for electrifying the house using biogas. These bio-products intern can be used as manure for farming.
• Health benefits
• Income generation with the excess harness of solar energy by the individual owner.
• Improves the local economy with the development of small scale industries.
• Solar power helps in providing new economic opportunities.
Along with the benefits, the possibility of equipping or developing rooftop solar PV systems is described.
• Lack of conventional power generation, transmission and distribution facilities in the remote locations could be one reasons for developing solar solutions.
• Abundant availability of solar potential across India is also one of reasons for promoting solar energy in rural areas.
• High skilled workers are not necessary.
• Huge vacant land areas, rooftop areas of rural houses (wooden house, huts, concrete building).
• Easy to maintain and operate the solar power generation facility.
VI. CONCLUSION
This paper proposes a study on small scale solar PV systems for rural electrification point of view. A detailed study on the PV system design aspects as per the rural household load conditions, and its energy generations are dealt. Also cost involved in such systems is also highlighted. From this extensive study, solar PV systems could perform better in electrifying the rural areas in effective manner with many benefits compared to other renewable energy sources. The scope for the development of such is very high. Hence promoting the solar especially in rural areas could help the rural people to many ways like income generation, health benefits, and other new economic opportunities.
